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Objectives: to investigate the incidence of intraoperative graft contamination, bacterial species and the influence of
change of surgeon’s gloves on contamination.
Design: a prospective randomised study.
Materials and methods: forty patients had implantation of synthetic vascular grafts. All patients received intraoperative
cloxacillin (2.0 g) or clindamycin (0.6 g) intravenously. The procedures were randomised to two groups: Group 1 –
surgeons changed the gloves before the first contact with the vascular prosthesis and Group 2 – operation without glove
change. The growth of all bacterial species from graft segments and from the gloves was recorded. The susceptibility to
antibiotics was tested.
Results: the number of contaminated grafts was similar in the two groups. Growth of bacteria was recorded from 92.5%
(37/40) of the graft segments and 33% (51/156) of glove imprints. Of the cultured species, 75% and 47%, respectively,
were identified as coagulase-negative staphylococci (CNS). Twenty-eight per cent of CNS were resistant to cloxacillin,
15% to clindamycin, and 10% to cloxacillin and clindamycin. In all, 25% of the CNS strains were resistant to the
prophylactic antibiotic used. In 50% of cases, the antibiogram of the CNS strain recovered from gloves agreed with that
of the strain harvested from the graft.
Conclusions: a high incidence of graft contamination was found which was not reduced by changing gloves. However,
changing gloves did seem to reduce the number of bacterial species.
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Introduction enteric bacteria may be potential sources of graft
infection. The exact time of graft contamination is
The availability of synthetic vascular grafts, all since usually unknown, but intraoperative contamination
has been suggested as the main reason for both earlythe ’60s, have radically changed the management of
patients with aneurysms and occlusive arterial disease. and late graft infection.4,5 Clinical data supporting this
hypothesis, however, are lacking. The aims of theUnfortunately, bacterial infection continues to be a
major obstacle to vascular grafting, since a synthetic present study were to investigate the incidence of
intraoperative graft contamination, the role of variousgraft, being a foreign body, will inevitably facilitate
infection. The reported incidence of synthetic vascular bacterial species and the influence that changing the
surgeon’s gloves has on bacterial contamination.graft infection ranges from 0 to 4.5% for aortic grafts
and from 2.3% to 13.3% for femoropopliteal grafts. A
mortality rate of approximately 30% is reported for
aortic graft infection, and 20% of the surviving patients Material and Methods
will lose a limb. The average mortality rate for patients
with infected femoropopliteal grafts is 17% and the Forty patients were operated on with implantation
amputation rate is over 50%.1,2 of synthetic vascular grafts; thoracoabdominal (n=
The inguinal skin, infected lymph nodes, con- 1), interposition aorta (n=1), axillobifemoral (n=1),
taminated arterial wall, intra-abdominal infection and aortobi-iliacal (n=2), aortobifemoral (n=11), iliaco-
femoral (n=2), femorofemoral (n=8), femoropopliteal* Please address all correspondence to: Z. Zdanowski, Department
of Surgery, Lund University, S-221 85 Lund, Sweden. (n=12), and femorodistal (n=2). Gelatin-impregnated
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Table 1. Characteristics of the patients included in the study.
Group 1 Group 2
Change of gloves No change of gloves
(n=20) (n=20)
Males 10 13
Females 10 7
Age (years) 54–86 (mean 68) 47–82 (mean 71)
Smoking 9 8
Diabetes 6 4
Ischaemic ulcer 3 3
Grafts:
thoracoabdominal 0 1
interposition aorta 0 1
aortobi-iliacal 1 1
aortobifemoral 3 8
axillobifemoral 0 1
femorofemoral 6 2
iliacofemoral 0 2
femoropopliteal AK 8 2
femoropopliteal BK 1 1
femorotruncal 0 1
femorofibular 1 0
Duration of surgery (min) 64–240 (mean 163) 96–480 (mean 200)
Intraoperative bleeding (ml) 50–2000 (mean 530) 150–5000 (mean 1350)
knitted-polyester prostheses (GelsoftÒ; Sulzer Vascutec agar incubated in 5% CO2 atmosphere and on Sa-
bouraud agar incubated aerobically at 30 °C were per-Ltd, Renfrewshire, Scotland) and thin-wall stretch
ePTFE grafts (Gore-TexÒ; W. L. Gore and Assoc. Inc., formed twice, both in the case of visible and invisible
growth. In parallel, a bottle containing 50 ml TSB wasFlagstaff, AZ, U.S.A.) were used. The consecutive op-
erations were randomised to two groups: Group 1: inoculated with a second graft segment and sonicated
at 20 MHz for 10 minutes.surgeons changed their gloves before the first contact
with the graft (all surgeons in contact with the oper- This bottle was otherwise similarly treated. The
growth of all bacterial species was recorded and theation area and the grafts changed gloves), and Group
2: operation without gloves change. The gloves were susceptibility to the antibiotics of interest tested. Five
segments from gelatine-impregnated knitted-polyesterpowder-free with Biogel coating (BiogelÒ; Regent Med-
ical, Norcross, U.S.A.). All operations were elective. prostheses (GelsoftÒ; Sulzer Vascutec Ltd, Renfrew-
shire, Scotland) and five segments from thin-wallAll patients received intraoperative cloxacillin (2.0 g
i.v.), the routine antibiotic prophylaxis for vascular stretch ePTFE grafts (Gore-TexÒ; W. L. Gore and Assoc.
Inc., Flagstaff, AZ, U.S.A.), which were used for im-surgery at our department, or clindamycin (0.6 g i.v.)
in case of allergy to cloxacillin. The characteristics of plantation, just removed from the package, were tested
as described above and used as a control group.the patients included in the study are shown in Table 1.
Imprints from the gloves were taken for cultures, Patients were followed at one month and at one
year postoperatively with clinical examination andin Group 1 before the glove change and in Group 2
before the first contact with the graft. Inoculation was measurement of the ankle–brachial pressure index
(ABPI). CT scan, ultrasonography or leukocyte-scin-performed by imprint of the glove-covered hand on a
horse-blood agar plate, 140-mm diameter, incubated tigraphy were performed if a graft infection was sus-
pected.aerobically at 37 °C during 2 days. Bacterial species
were identified according to standard procedures.6
Graft segments of 25-mm length adjacent to the
last performed anastomosis were taken immediately
before the anastomosis was constructed and were Statistical analysis
placed in 50 ml tryptic soy broth (TSB). The bottle was
incubated at 37 °C anaerobically for 5 days and then Two-tailed Student’s test was used to analyse dif-
ferences between groups. p-Values of <0.05 were con-aerobically for 9 days. Subcultivations on blood agar
incubated aerobically and anaerobically, on haematin sidered significant.
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Table 2. The rate of preoperative contamination of 40 synthetic
vascular grafts; group 1: the surgeons changed gloves immediately
before the first contact with prosthesis; group 2: operation without
gloves change.
No. No growth 1 bacterial [2 bacterial
species species
Group 1 20 2 (10%) 14 (70%) 4 (20%)
Group 2 20 1 (5%) 10 (50%) 9 (45%)*
* Significant compared to group 1; p=0.04.
Results
Growth of bacteria was recorded from 92.5% (37/40)
of grafts (Fig. 1) while the control grafts showed
(A)no growth. In 75% coagulase-negative staphylococci
(CNS) were identified, in 10% Corynebacterium sp. and
in 15% Bacillus sp., micrococci, Pseudomonas sp. or
Propionibacterium acnes. Of contaminated grafts, 65%
were colonised by one bacterial species and 35% by
two or more species. Of the glove imprints, 33% (51/
156) yielded growth of bacteria; 47% of these species
were identified as CNS. The antibiogram showed that
28% of CNS were resistant to cloxacillin, 15% to clin-
damycin, and 10% both to cloxacillin and clindamycin.
In all, 25% of the CNS strains were resistant to the
prophylactic antibiotic used. In only 50% of cases did
the antibiograms of the CNS strain recovered from
gloves and that harvested from the grafts agree. The
(B)
results of the two groups are displayed in Table 2 and
Fig. 2. (A and B) SEM photographs of two vascular synthetic grafts:Fig. 1.
(A) Polytetrafluoroethylene (PTFE) and (B) Dacron contaminated
Two patients in Group 1 and five patients in Group by Staphylococcus aureus cells. ·5000.
2 (p<0.02) developed a superficial wound infection
postoperatively. Furthermore, one patient in Group 2
were no acute graft infections in either group. Duringsuffered from septicaemia. All these patients were
1-year follow-up, two patients, one with an aorto-successfully treated with antibiotics. The bacterial
bifemoral graft and one with a femorofemoral cross-growth from the infected wounds or blood differed
over graft, had symptoms suggestive of graft infection.from the strains isolated during the operations. There
Investigations with CT scan, ultrasonography and
In111 leukocyte scan did not, however, prove graft
infection and the patient improved after antibiotic
treatment.
At one-year follow-up, there was no mortality, nor
were there any amputations. All aortic grafts were
patent, but three patients were reoperated on because
of graft–limb thrombosis. Of 14 patients with an infra-
inguinal reconstruction, two refused 1-year follow-
up visit whereas eight patients had a patent graft;
thrombectomy or thrombolysis was performed in four
patients, successfully in two cases, but two grafts
remained occluded. The remaining eleven grafts were
patent. There was no bacterial growth from the throm-0
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bus in any of the patients operated on. The last avail-
Fig. 1. Growth of bacteria from synthetic vascular prostheses and able information is that one patient with afrom surgeon’s and assistant’s gloves. R=right hand, L=left hand.
(F) Group 1; (EF) Group 2. femorofemoral graft was reoperated on because of a
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pseudoaneurysm in the groin 27 months following the even a few bacterial cells can be found. The dis-
first operation. Bacterial culture from the removed advantage of this method is the impossibility to evalu-
graft showed growth of CNS. The antibiogram of this ate the intensity of contamination, which plays an
strain differed somewhat from the antibiogram of CNS important role, beside the bacterial virulence, in the
isolated intraoperatively. development of graft infection.
Wooster et al.17 studied intraoperative bacterial con-
tamination of prosthetic grafts in 77 patients. Skin
cultures of patients taken before skin preparation
Discussion yielded the following predominant bacterial species:
S. epidermidis, S. aureus, Staphylococcus saprophyticus,
Contamination of synthetic vascular grafts is the first diphtheroid rods, Streptococcus spp., micrococci, Kleb-
step in a graft infection. It has been suggested that siella spp. and Proteus spp. In 53%, the surgeon’s gloves
graft contamination may either occur intraoperatively, were contaminated, before preclotting of the grafts,
usually with endogenous skin or bowel bacteria, or with the bacteria isolated from the skin of the patient.
later due to unrelated infective foci producing transient Graft contamination was lowered from 56% to 35%
bacteraemia.4 A short time-interval between graft im- following change of surgeon’s gloves before pre-
plantation and the development of infection suggests clotting. Our study did not show any effect of gloves
contamination intraoperatively or shortly afterwards. change before graft implantation regarding the num-
In case of late graft infection the time of contamination ber of contaminated grafts. The finding that the num-
is usually unknown. Two routes for graft contamina- ber of grafts contaminated with two or more bacterial
tion are possible: a direct peroperative route and from species was significantly higher in the group without
a transient bacteraemia. It has been suggested that gloves change may, however, suggest a beneficial effect
low-virulent bacteria such as CNS may adhere to the of gloves change.
graft material intraoperatively, form microcolonies and It is well known that CNS adherent to prosthetic
are sequestered within the interstices. Following a surfaces may be highly resistant to antibiotics and host
latent period, extending from months to years, graft defence systems. In the present study 25% of CNSinfection may then be recognised.5 CNS followed by
strains were resistant to the prophylactic antibioticStaphylococcus aureus is recognised as the most im-
used. Since vascular graft infection is a devastatingportant pathogen in prosthetic infections.1,7–12 Bandyk
complication and known treatments imply high cost,et al.,13 in a 10-year review of aortofemoral graft in-
high mortality and morbidity rates, prevention offections, noted that Staphylococcus epidermidis was the
infection is of obvious importance. Intraoperativeinfecting organism in 60% of the cases. The average
contamination can be minimised by strict aseptictime between graft implantation and recognised graft
technique, careful handling of the tissues, adequateinfection was 41 months. Seabrook et al.14 reported that
homeostasis and good incisional-wound closure.4 Fur-60% of anastomotic femoral false aneurysms, pre-
thermore, the need for reoperation should be reducedsenting at a mean of 95 months after aortofemoral
by meticulous and careful technique during the prim-bypass, were infected with CNS.
ary operation, including e.g. surgical separation of theAlthough intraoperative contamination of the graft
intestine from the graft to prevent mechanical erosion.is likely to be the most common route of infection,
In general, attempts to produce an antibiotic-bondedtransient bacteraemia may also be of importance.
graft have, so far, failed clinically owing to poor bind-Contamination of vascular grafts from transient bac-
ing, drug toxicity or inadequate antimicrobial activityteraemia has been found experimentally15 during sev-
of the antibiotic.18eral months following graft implantation, whereas
We conclude that the rate of intraoperative con-clinical data supporting contamination through bac-
tamination of synthetic vascular grafts is high and notteraemia are lacking. The data concerning intra-
significantly reduced if the surgeons change glovesoperative graft contamination are limited. The
before graft implantation. The predominant bacterialreported incidence of intraoperative graft con-
species is CNS, which may be related to late grafttamination varies from 16%16 to 56%,17 as compared
infection. The routine use of prophylactic antibiotics into our present findings of 92.5%. One explanation is
vascular surgery is accepted, but, theoretically, optimalthe different culture methods. In the study by Herbst
management should include routine culture of theet al.16 the bacterial culture was performed by imprint
implanted graft and consideration given to a longerof the agar plates on the anastomosis. In the present
course of oral antibiotics if a positive culture is re-study the graft segments were both sonicated and
incubated at 37 °C for 7–9 days. By this culture method turned. Although this might appear both cumbersome
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7 Dougherty SH. Microbiology of infection in prosthetic devices.and expensive, avoiding the cost of a single aortic-
In: Wadstro¨m T, Eliasson I, Holder I, Ljungh A˚, eds. Pathogenesisgraft infection would seem to justify the time and of Wound and Biomaterial-associated Infections. Springer Verlag
1990: 1–14.expenses.10 On the other hand, the risks involved in
8 Towne JB, Seabrook GR, Bandyk D, Freischlag JA, Edmistonboth a too short and a too long antibiotic treatment also
ChE. In situ replacement of arterial prosthesis infected by bac-have to be considered. The development of bacterial terial biofilms: Long-term follow-up. J Vasc Surg 1994; 19: 226–
235.strains resistant to new generations of antibiotics
9 Sharp WJ, Hoballah JJ, Mohan CHR et al. The managementshould not be ignored. A sensitive method to find
of the infected aortic prosthesis: a current decade of experience.bacteria like the sonication used in the present study J Vasc Surg 1994; 19: 844–850.
10 Bunt TJ. Sources of Staphylococcus epidermidis at the inguinalmay overemphasise the clinical risk of infection. Only
incision during peripheral revascularization. Am Surg 1986; 52:long-term follow-up of patients with low-grade bac-
472–473.terial contamination will reveal whether the finding is 11 Speziale P, Rizzo L, Sabarigia E et al. Bacterial and clinical
criteria relating to the outcome of patients undergoing in situpredictive of a future graft infection.
replacement of infected abdominal aortic grafts. Eur J Vasc
Endovasc Surgery 1997; 13: 127–133.
12 Calligaro KD, Veith FJ, Schwartz ML, Dougherty MJ, De-
Laurentis DA. Recommendations for initial antibiotic treatment
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